CAMERA APPLI CATI ONS I N A HANDHELD DEVI CE BACKGROUND 5As t he technol ogy of
handhel d el ectroni ¢ devices inproves, various types of functionality are
bei ng conbined into a single device, and the formfactor of these devices
is becom ng snaller. These devices nay have extensive processing power,
virtual keyboards, wireless connectivity for cell phone and intenet

service, and caneras, anong other things. Caneras in particular have becone
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sequences. The small size, small weight, and portability requirenents of

t hese devices prevents many of the nore sophisticated uses for caneras from
bei ng i ncluded. For exanple, th use a lens with a fixed foca

| ength and fixed field of view because a zoom | ens would be too heavy and
require nore physical depth than the body of 15 the device permts. For
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Some enbodi nent's ‘of e 1 nvention y be understo errirng to the
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mul ti - Pﬁﬁ ct lflééﬁdeﬁ %ﬁ%ggfegﬁ%sageﬂypaéea@}i é‘g&v‘\iﬁ% ﬁmné]@?’ir%sﬁlgﬁ%n%ﬁp %@Q?Sn%%{:\%ﬁg ra | enses,
accor di ng tvideaseqaeroasdThesniall eike, kil waighe mnd mntability requiingsts oftese 2D show
di fferent optical ths that may be.used to direct light. fromthe |enses to
the opt 1 cal et oSy SRt AR eRrisga et fr s rnbrendiBle | nventt on.
Fig. 3 shovr ekaibleViheitaitaiyiseth los wil 4 dd fobal Cngth aid fbed ficl¢ afiswa. Wi th two
lenses, 30 b%cc::acl:ls%radzlccr)]tg leglso W(?urlld t?qu) %Iavgre arr1] re&JireEn%?e plhg']s\ilc%{.ﬁelpt(l)l%an the body of
15  the device permits. For these reasons, an optical zoom lens may be impractical for small
and relatively mexpensive handheld devices. In other areas, consumer cameras have not
been useful in bar code applications because bar codes are designed for specialized

equipment. This prevents many useful applications for bar codes from being implemented.
20 BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention may be understood by referring to the
following description and accompanying drawings that are used to illustrate embodiments
of the invention. In the drawings:

25 Fig. 1 shows a2 multi-function handheld user device with multiple built-in camera
lenses, according to an embodiment of the invention.

Figs. 2A — 2D show different optical paths that may be used to direct light from the
lenses to the optical sensors(s), according to various embodiments of the invention.

Fig. 3 shows a flow diagram of a method of operating a2 camera with two lenses,

30  according to an embodiment of the invention.

Fig. 4 shows a multi-function handheld user device with a built-in camera,

according to an embodiment of the invention.

Fig. 5 shows a camera system, according o an embodiment of the invention.




Fig. 4 shows a nmulti-function handheld user device with a built-in canera,
according to an enbodi nent of the invention. Fig. 5 shows a canera system
according to an enbodi ment of the invention. Fig. 6 shows a canera
readi ng a bar code, according to an enbodi nent of the invention. Fi g.
7 shows a flow diagramof a nethod of using a canera to read a bar code,
according to an enbodi nent of the invention. 5Fig 8 shows a flow di agram
of a nethod of usi bar code val ues
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speci fic deinadntisn.are set forth. However, it is understood that enbodi nent s
of the invention, ticed with t hese specific details. In other
i nst ances, V\ellgignng%q B glggamgiiarr%}} g%maﬁaﬁﬂe RERG8 ?fiive not been
shown i n_ descairling fo R bAIRKinREL of 10 ifVeSERMr € an under standl ng of this

descri ption. References to "one enbodi ment”, "an enbodi nent"”, "exanple

enbodi nmedt ", 155185 ows e diagimmefamethod of ysing bercadevalugs, aopording foan

enbodi ment (éﬂbo&&eﬁtfibﬁthb emidhon so described may include particul ar
features, structures, or characteristics, but not every enbodi nent

necessarily includes the particular features, structures, or

characteristics. Further, so Tﬁﬁgﬂgb TigN have sone, all, or none of
the features described for er odinents. 20In the foll ow ng
description and clains, the ternms "coupled” and "connected,"

10 In the following description, numerous specific details are set forth. However, it is
understood that embodiments of the invention may be practiced without these specific
details. In other instances, well-known circuits, structures and techniques have not been
shown in detail in order not to obscure an understanding of this description.
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References to “one embodiment”, “an embodiment”, “example embodiment”,

15 “various embodiments”, etc., indicate that the embodiment(s) of the invention so described
may include particular features, structures, or characteristics, but not every embodiment
necessarily includes the particular features, structures, or characteristics. Further, some
embodiments may have some, all, or none of the features described for other
embodiments.

20 In the following description and claims, the terms “coupled” and “connected,”
along with their derivatives, may be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular embodiments, “connected” is
used to indicate that two or more elements are in direct physical or electrical contact with
each other. “Coupled” is used to indicate that two or more elements co-operate or interact

25 with each other, but they may or may not be in direct physical or electrical contact.

As used in the claims, unless otherwise specified the use of the ordinal adjectives
“first”, “second”, “third”, etc., to describe a common element, merely indicate that
different instances of like elements are being referred to, and are not intended to imply that
the elements so described must be in a given sequence, either temporally, spatially, in

30  ranking, or in any other manner.

Various embodiments of the invention may be implemented in one or any
combination of hardware, firmware, and software. The invention may also be

implemented as instructions contained in or on a computer-readable medium, which may




along with their derivatives, may be used. It should be understood that
these terns are not intended as synonyns for each other. Rather, in
particul ar enbodi ments, "connected" is used to indicate that two or nore
el enents are in direct physical or electrical contact with each other.
"Coupled" is used to indicate that two or nore el enents co-operate or
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Poo or oy Pl EnitEt Bt vl e B Geat aefshs mmy be: conbi ned i n
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i nvention provide two separate canera |lenses wth different fixed focal
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the other picture.

In the simplest action, the two pictures may simply be presented to a human

25 evaluator to subjectively determine which is the preferred picture. In another action, the
two images may be processed and merged to emulate the effects of a zoom lens, with
better resolution than could be obtained with a simple digital zoom (i.e., cropping the
original picture, which reduces the number of original pixels, even if the result is then
enlarged to have more final pixels). Other advantageous results may also be available,

30  such as using the separation between the two lenses to produce stereoscopic visual
information, and such as comparing the two images to enable motion
detection/stabilization.




In the sinplest action, the two pictures may sinply be presented to a hunman
25 evaluator to subjectively determine which is the preferred picture. In
anot her action, the two inages may be processed and nerged to enul ate the
effects of a zoomlens, with better resolution than could be obtained with
a sinple digital zoom (i.e., cropping the original picture, which reduces
the nunber of original pixels, even if the result is then enlarged to have

nore final pixel,;s). Qther advant Qus results al so be available, 30
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- field of view image may be presented to the user on the camera device’s display. In other

25  embodiments, this processing may take place in a separate device after downloading the
two images to that separate device.

3) Since the two lenses are separated by a known distance, they will each have a
slightly different angle of view of the same object in the pictures, enabling stereoscopic
information and effects to be produced. If the full image from the narrow field of view

30 lens is compared to the corresponding portion of the image from the wide field of view
lens, a direct stereoscopic effect may be produced from the two images, similar to what
would be obtained if both lenses had the same field of view and their full images were

compared,




30 lens is conpared to the corresponding portion of the inmge fromthe w de
field of viewlens, a direct stereoscopic effect may be produced fromthe
two images, simlar to what would be obtained if both | enses had the sane
field of viewand their full inages were conpared. 4) if the two inages
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25 I n sonme enbodi nents, device 110 may be primarily a canera device,

wi t hout rudimitedfaihis Rerrisnlarnbyie] conBguration. Hopcxsmplesin emtssabedimens thedevi ce 110 may
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canera. Figs. 2A - 2D show erent optical pat at may be used to
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1 ust r ot edAMBHED R ek BalbREER: Wyehmolf bRt fped: BRiabmeon. i ha
doubl e conwebodmenss theatéralCdhad of the device 110 may be completely different than shown.
25 Insome embodiments, device 110 may be primarily a camera device, without much
additional functionality. In other embodiments, device 110 may be a multi-function

device, with many other functions unrelated to the camera.
Figs. 2A — 2D show different optical paths that may be used to direct light from the
two lenses to the optical sensors(s), according to various embodiments of the invention.
30  Note: the term ‘lens’, as used in this document, may include one or more pieces of
optically refractive material arranged in a defined position to each other so that light
traveling through all the pieces will be focused at a particular plane. The illustrated lens

210 shows three such pieces in cross section, with a double convex piece attached to a




doubl e concave piece, with a another double convex piece physically
separated fromboth of them Lens 220 shows two doubl e convex pieces

physi cal |y separated. Although any one of these pieces, in isolation, could
be considered a lens, a collection of one or nore such pieces in a defined
physi cal position to each other, able to pass the sane bean1of 5 light and
focus it at a defined plane, shall be referred to as a 'lens' in this
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capture sensors a single optical sensor 230
for bot h ofwithgkegmepoRio® fmumhgzﬁﬁpncm:ul:tgeat azmmcd&d lemtionve sur f ace (e.g., a

o O P e 2R b B L b BT ST
l'i ght from2iemsy gadhce efotwet imagefoh therfindt bysticalrsexfs br280, iwhile Bght fraveling250 and t hen
of f reflectjve 26 o.each optical nsor. 230, |l e the |ight

£ om & ene_ Siben b1 TR A & Grties quahot s s opget e ntasPmd30 | whon
refl ect isve eiisdirashs, diptitadsendor inkiCcodipisfai@ta@guldd Sirdyl of ihdividagl hgmght from25 | ens

210 reaches optica nsor 230 uni npeded, while the_ lig romlens 220 and
reflective® ‘? @ELE@@W‘E{W@?WE?E’H’ ‘fﬁenéloﬂqlf‘?@w‘ﬁtt‘s @F‘f’s "l han opti cal

sensor 230bya lens. Eféc&cal%@nﬁ%th@o;&icﬂ%n@or%& bEabreSRARMA vaidék for both |enses,
simlar to that shown in Fig. 2B, but w thout the need for a novable

refl ecti ve IepEsedag the pagecaptuied b e Hglhsensoshj ect 270 nmy be a beam conbi ner
that ref | ect s tiie obiugls s$hOLER k36 fr AR b3akes IR0 32 30 and can

al so pass the light fromlens and ref tive surface 250 so that it
-~al 0" r e¥cheaflegsive susfage (s G BiropI PrisIHR hing usedgo prlestwliieh impge willgaek £ r om bot h

| LZSS have. aneopdtet RS i oo ol 6 300k O 50, BB 20, BT er) T
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reach optical sensor 230, while the light from lens 210 is blocked off and doesn’t reach
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25 lens 210 reaches optical sensor 230 unimpeded, while the light from lens 220 and
reflective surface 250 is reflected in a different direction than optical sensor 230.

Fig. 2C shows a single optical sensor 230 for both lenses, similar to that shown in
Fig. 2B, but without the need for a movable reflective device. In this embodiment, object
270 may be a beam-combiner that reflects the light from lens 210 to optical sensor 230,

30  and can also pass the light from lens 220 and reflective surface 250 so that it also reaches
optical sensor 230. However, to prevent the light from both lenses from simultaneously
being detected by optical sensor 230, each lens may have an associated light-blocking
device 280, 290 (c.g., a shutter) to block off the image from one lens while the image from




the other lens is being sensed. By redirecting the light fromeach | ens
wth a reflector or a-beam conbiner so that nmuch of the optical path is
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the optical sensor 230 at an angle to receive this redirected light, a
relatively long optical path nmay be accommpdated in a very thin 5 canera.
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boam conp, e ey B9 Ge et e et Bt o R SERIEUO Bt h ¢ ht
ts:aﬁ\s/glr S' f;ﬁ?ggm?gglﬁ@{rhﬁgit?‘ﬁ&n%ﬂ a%;(ag{i? sha ied o- ti cal‘d@tgz Eengpt ibgaljsed

Wi th any f cSIPISIOn of e amstacend Belesine s Apficsl eRF 510 3 MBI THRGVAME of ¢ he ones
shown i n 10rediRicisd RHE W RaAvel Ioﬁgﬁﬁf:ﬂ%ithﬁ:aﬂ»whﬂcdﬂﬁﬁdd&@dinﬂ@é tid @ thin camera.
When that technigue is con%_i ned with using a fixed focal-length |ens rather
than a z®onsameiisNotg thatthe drasyipgs\premgt showmineroRpripns- hepastin ok the gpfistiher t hat

camera is Usiight iR HRARE the Mas o Wiretfretive 38HERe (oFBEAm combiner)fthd-be 2D shows a

single front lens wth two sensors and additional optics. In this
embodi nent , shertehtamthe partiqntod the omBal pgih fthatstravile from e reflegtypsurieedorte®m Part of t he

light trav - | LRSS %Hn 3 ! travel s
t hrough i nt?.}J 8?12%9')%?)1{3?@%%& %gsﬁ%’oﬁgﬁtmh%%ge%e orgﬁa%hﬁﬁlié)ﬁ%gltéa{gﬁ%sensor 240.
The i nt er ndic ubedrwath einafiagibls leris andfsersat cohfigugtion, gwlutlingiell afithe ohesshvnrirachi ng

opt | oal 'eriblecat Wi Flohg B hock S le Py, VRO T e e oo™ ) o

10 | enses Zbfbin@Adthakinga fixed Zodal(lggonerd iratigr thawva ghbem(fléneled exafemely ¢hin at one sensor

and a narrow fi.eld qf vie t 20 the other, sensor),. but the two | enses

Ahar S T Shmin S sbfbie, Wl By Gty R B I R G R BB leat e oot ol (1o, the

center ﬁf bot h Filgfm?&Eowsialsingb&oﬂﬂqnhbﬁhms&p@ﬁdddﬂitiﬁdaﬁqpﬂ@:sclhlulihﬁ).h!:](c)l’ somef
uses, t he coax].a at ur el.l nat t he e to lgLta shift one o

e ctar a G Do R Rl T e Sl 235, PekOch Pt EHER kent | an

opti cal 1§atobtidﬁ?shéns_@ﬁ%ﬂ,&frﬂil@gg;&ﬂﬁﬁﬂ@hﬁfavd&h@uéhiiﬁl’&ﬁql()ﬁtk'ﬁlrboﬁ néw2he right-angle

reflection_shown in Fig. so that a |ong optical_ pat ma%/ be
accomodat daforsireashing eptieal seasor 240 dhevakearloens changss the foral lpngth s gt the n some

embodi MeNt $maed rdafidgQplidal @ndEIABES: dIBYenl ANE offvidWOBMANC iRhgeGORmAYE Shape so
that it effectively acts as a lens as well as a reflec%or t hough nost of

the descri [gpticaksenspi23p.nThis teeheianessientially provides twovlsnies sisilar to leses 210onal | enses
| b . i . t he 30
may al so %wﬁ. %5 o & ficfh %‘Hreg‘ite éllggélg?’td{liiglﬁga\y HEAGRVQH 1t he

canmera, possl ated hear a t evi ce, could extend the
- ef f ect i e 2hsothersarsgs, Byythpwoingtis sltprethe optieal pieees atr225 andthodrimages willver fi el d of
view (grea | T4 cat.i Is f; r-to-center

axi s of thlie)g%({aﬁglgmf’vt\%)e c?ﬁetlrz]rg)gémh ﬁg%ﬁ% Aég‘%%{é’?‘%}’@ IIIrrﬂﬁér Q&ngﬁﬁtg stereo

di st ance/ disey mesetrecthxigldtatund mdyi efiminate the need to Bigiplly 3hifd hevaf tha rdcbrded di agr am of a
met hod of o[ger ting a czilrrer%Fwith two | enses, according to an enbodi nent of
the i nvent O P ROFRTRALI4TR ted flow diagram 300, at 310 a first picture
may be taken udh oy eimbeditént,ab optiesl path wihay bdrefladtet biicsor exfetiplee(sich sk he [ ens with

Lo Wi der Lol of MhSihn G0 B, 55l o i pdaB51 © 1 o0 dod by being

accommodated within the narrow dimensions of the device 110. In some embodiments, a
reflective surface may have a convex or concave shape so that it effectively acts as a lens
as well as a reflector. Although most of the descriptions in this document refer to two
lenses,- additional lenses may also be used. For example, a third lens at the surface of the
30  camera, possibly located near a third edge of the device, could extend the effective zoom
range by providing an image with an even narrower field of view (greater magnification).
By being located off the center-to-center axis of the other two lenses, it may also permit

more robust stereo distance/displacement calculations.
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5 foimat. At 320 a second picture nmay be taken using the second | ens
(having the narrower field of view), and the resulting second inmage is
stored. As previously indicated, the pictures may generally be taken at
slightly different times (in the order indicated or the reverse of that
order), but in enbodi nents having two cameras nmay be taken at the sane
time. As indicated at 330, the recorded i nages nay be processed in various
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25  description of a portion of the first image, at 350 the more detailed textures of the second

image may be applied to the corresponding parts of the digitally enlarged portion of the
first image. In addition, if portions of the first image fail outside the view of the second
image but are determined to have similar texfures {¢.g., the grass in a field, the bricks on a
building, etc.), these more detailed textures may also be applied to those areas. This

30  texture mapping may be performed either automatically or by the user. After applying the
more detailed information from the second image to the first image, at 352 the modified
first image may be cropped and enlarged to provide an intermediate field of view that is

somewhere between the fields of view provided by the original first and second images.




In the third process of Fig. 3, the separation distance between the first
and second 10 | enses may be used to derive stereoscopic information. This
separation distance provides a slightly different angle of view of the sanme
obj ect between the first and second images. Since the original fields of
view are also different, the process may begin at 360 by conparing the
second image only with the corresponding part of the first inmage, and at

362 deriving st SC i nf qne_or ects depicted in
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object in es. After the fields,of view so that both
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are | ocated at the sanme_ positiaq I n_both inmages, If not, the
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amount  of B&ﬁ}ia%ly eRYgbBbriRM of M@irsCinhde TRIGEGIBYenPE ticdbRbtlades at 374. This

i nformati on may be used in various ways at 376. If the entire inmage appears
to have shiiagessalongithjaknewledes afibe wparation digtance betwpggyheiwo bnses, gibel t hat this

MOVeNeNnt WasGANRRRn e &faﬁﬂce&fmobjeb@ﬂoﬁﬁﬂ@é&eﬁahg&zmges% Higle (e 0.,

del i berate panning or unintentional canera s rmnation may
be handited objerts from the camera may be determined in this manner, and used to constructalayered

mapping of the objects. For example, a narrower depth of field may be simulated by
blurring objects that are outside a predetermined range of distances from the camera, In
another technique, the depth images may be combined with GPS information to develop a
physical, 3D model of the surroundings. In another example, the two images (the second
25 image and the enlarged portion of the first image that corresponds to it) maybe placed into
a stereoscopic viewer, thus providing a sterecscopic viewing experience without having to
derive further data on the objects in the imnages.
In the fourth process, to be used only when the two pictures are taken at different
times, the two images may be used to derive motion information. This information may
30  beused to detect motion of the camera (e.g., camera shake), or may be used fo calculate
the motion of an object in the images. After adjusting the fields of view so that both
images represent the same field of view, at 370 the positions of one or more corresponding

objects in the two images may be compared to see if they are located at the same position




vari ous ways, such as but not limted to: 1) the user may be alerted that
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20 Other processing techniques may also be used, depending on the application. For
example;
Coaxial Image Alignment — Because of the separation distance between the two
lenses, the two images being captured may not be coaxial —i.e., the part of the scene that
-appears at the center of one image may be offset from the center of the other image. This
25 relative image shift varies with the distance to the subject, and may need to be corrected
for some applications, such as zoom emulation. Manufacturing tolerances may also cause
some lateral and/or rotational displacement between the two images. Such corrections can
be made during the processing of the images.
Photometric Matching — Due to manufacturing variations in the image sensors and
30  optics, correction and normalization for luminance and/or chrominance may be required.
Anti-Aliasing — Anti-aliasing of the individual images — in particular in the overlap
regions between the two images — may be necessary due to the discrete pixel structures in
the two images.
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node, the caonplete output fromthe captured es, along with suitable
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The saved i lmages may be helpful to the user in other ways as well.

Many of the various techniques discussed herein may be used in three different
- 20 modes — viewfinder, shoot, and post-processing. In the viewfinder mode, the main
objective is to present an image (e.g., an intermediate zoomed image) to the camera’s
display quickly, so that the user can compose the frame for still or video capture. The
quality of the displayed picture only needs to be good enough for visual composition on
that display. This permits down sampling of the output from the image sensors, which can
25  greatly reduce the computational load. In some embodiments, only the image from one
lens may be used in viewfinder mode, although that image may be digitally zoomed.
Various operations may be performed in the viewfinder mode, such as but not limited to:
1) check the zoom setting, 2) select the best image (narrow or wide field of view) for that
zoom setting, 3) capture the image at an appropriate resolution, 4) digitally zoom the
30  image to the desired zoom setting, and 5) show the zoomed image on the device’s display.
In the shoot mode, the complete output from the captured images, along with
suitable metadata, may be stored and processed te produce a high-quality result. These

operations may include, but are not limited to: 1) capture both images and store at full
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resolution, 2) store netadata associated with the imges (such as tine, GPS
readi ng, desired zoomsetting at tinme picture was taken, etc., 3) process

i mages to produce a review inmage for the viewfinder (will typically have
better image quality than the inmage displayed in the viewfinder node but

|l ess quality than is possible with post processing). 5In the

post - processi ng node, various inage enhancenent techni ques may be used to

i mprove the | t f the final pictures produced f t he stored inmges.
Suen post - it HPintehiat Rl il He SRl Ol e BBSTeRe or my be

per f or med i desited zeoth exting bt tie\pichiee Wizaiked) @R, BPprocey iDBES K phglufer .

Post - processi.ng. may.be perf.o on the original recorded imges fromthe
t wo Ienses,re&ﬁ@%ggméegﬁwwﬁj‘mcgﬁﬁgﬁ agee W@af‘g@ﬂﬂmcgglo of those
two recor dedispﬂd?‘&ﬂﬁﬂleW’Eﬂﬁﬁ@rﬂﬁﬁrbaﬂ&e@ﬂﬁaﬁfyﬁhhniiﬂﬁ)bdiﬁi@witﬁ)p&tp?dc@ssiﬁgbt limted to:
) allow user to vary zoom setting (may be different, than the zoom setting
sel ect ed® at sholtthe ROYEFOCESIE M9l HEioRS IHRgHnbassament fehpigyse may beused new zoom

setting 2) ehfeVeme@slioPsithenichirdBauddl G601k siekd M. Sucl fiRge
registration, anti-aliasing, color balancing across inages, global texture
enhancenentPro%sEE vy byweripwicd Bribqrreper devicer may be perfgymeg inppicgemelevi ew di spl ay
15 appr oprifahiee thdhas diie AY ﬁl@%@erdl’és@k@&’w%%ﬁ?%e Hori&iVn tlehigimdl! 9h-qual ity
i mge, 5) archive origihal data to allow ure Peprocesm ng. Post

processi ng Thewyded anagesiffogy thestro ilenses.fiad/eranay be partouhasleon ap inteamesiggearesiite pr ocessi ng
devi ce, pr J | Rait1 : M@r- . Reader and
D spl ay lgodgﬁo%uﬁggwn%g%iﬁﬁ%%ghg% %E)%aetml nv nlgcl-l@gﬁor%g?a éh%ggw'@ndhel d user

- devi ce  t hatallpwksstoyary goamstting (miyde tifferent then dtezoen witing sdated etient and anal yzes

the i mge t e ..,he & [S €N i h r ¢code, In addition,
the de"v?'ce trrﬁgg%)(fé%eﬁ léﬂﬁlgwg%ggaéh n%?g&%? %g#’gyi)?g?Og%H@%?%% can be used
- for d-vari ?Eémagmpmaei?g subIlmlassimm r@sﬁfﬁhm?hmgingtcslﬁﬂmiaa;{c:ihngefbss:i&ﬂm,ab! ents m% be

used on e r a all ow.a pigtur.e to be en of .close obj ect s
*(such as a HSPRREE mCemet et POf MRS ol PPASE TRNABY ooused f or
nor e di st ampprofa® Girshe aVilikable Bispldyaciean) Upsete fk highigbalitlOifkFe 13§ arclike ter m ' f ocus
di stance' is used to _describe the di stance,betw%en he f.ront of the canera
| ens and ti‘?@%%ﬁ%i“ﬂ%‘?’ ORRIPSEE, RERPrRFFaTPE PAY b REpEgdiinife object is in

focus, i-ecaméﬁ@@@icé,*ﬁﬁése?d?ﬁ@ﬂpée%iﬁg@@ﬂ&,e&iﬁicdrﬂlbﬁmﬁdn@ﬂ'ﬁotﬂf the optical sensor.
30Fig. 4 shows a multi-function handheld user device with a built-in

caner a,

Camera-Based Bar Code Reader and Display

.20~ . Various embodiments of the invention relate to a handheld user device that takes a
standard digitized picture of a bar code and analyzes the image to determine the numbers
encoded into the bar code. In addition, the device may present a bar code on its display
screen, which can be used for various purposes. In some embodiments, a specialized
camera lens may be used on the camera to allow a picture to be taken of close up objects

25 (such as a printed bar codc), even though the lens is normally focused for more distant
objects. Within the context of this document, the term ‘focus distance’ is used to describe
the distance between the front of the camera lens and the object being photographed when
the image of the object is in focus, i.e., when that image is focused at the planc of the
optical sensor.

30 Fig. 4 shows a multi-function handheld user device with a built-in camera,
according to an embodiment of the invention. Device 410 is shown with a display 420 and
a camera lens 430. The rest of the camera, as well as a processor, memory, radio, and
other hardware and software functionality, may be contained within the device and is not
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according to an enbodi nent of the invention. Device 410 is showmn with a
di splay 420 and a canera |l ens 430. The rest of the canera, as well as a
processor, nenory, radio, and other hardware and software functionality,
may be contained within the device and is not visible in this figure.
Al t hough the illustrated device 410 is depicted as having a particul ar
shape, proportion, and appearance, this is for exanple only and the

enbodi nents_.af the i.nvention y.not be limted to this particular physical
confi gurati ‘Sﬁi.’lef“rﬁéh%e'eﬂ%‘%ﬁh%dlﬂ‘g‘?m Yl%lpﬁf@eﬁﬁffi%éa‘ﬁ?ﬁ%‘ﬂ? a camera
and di spl ayshdyprofortiond dnld Bplarifide; thidis ﬁﬁldiahlhlé'&ﬂl( add4RCnbRNiREAL ¥ the N Ot her

er

enbodi nents, device 410 may have nmany ot unctions unrelated to the

camera. Forinegtien may upt he ligpted o thisparticplar nhysics] copliguaion Jaseener a | ens 430 are

shown on t henipaRnts deecedi0 o PBMbEIS o cAthtra dnfd GiSRAYeFBD RfhdTEREG the lens will
be on the opposite side of the device fromthe display, or alternately on

an edge %i cddigpnal fyactigealifye dn othes embpdimeniscdewipe{0 apy baya meeatier e as a vi ewf i nder
for the us ; LEENES, : : i Eﬁ]ﬁl%-a nses at

di fferent F%%Cg%niﬁg%@%% t he _gg"i féoécas%ﬁ?&ﬁ%%t%g@%dg@ﬁgﬁ%@%ﬁe 0 IIe\/\I/((I;gr king with
an optical 436asaekovnen thgisameyidgofithedevice, but in Fiany, enhodimovisthalepsamiiba syst em
according t i i i t I t ed enbodi nent
of canera s@é%&#ﬁgg%?deg? %%F%F %’I%et%sw Sgi%% o%ltfm%tggggg%#g%%ﬁdgae i mage on an
opti cal senisvee, §Xbat thedisplay gan bpmeate £ 1@ iewdiydec fonthe ise Iosome@mbodimentypi eces of 15

obj cct Sh ol B MERERY Bt vl T S Bl IR R PR | Sns mmy

- be chosen swritikpwithtan epticalisgworad taklé sittareces to the object that will cause the
image to be praperly focused at the sensor are suitable for the camera's
Cypheal i nt endeEdSEoNsPGHRER YRSt g1 FEAOGER of HE FNPRGR. T8It hough ¢ hi s
i s-just an teXhwpie)embddidenddi dafira sERAEI00, o prittyflen§BY) iy Touk &foplcal €Ct angul ar
20 array of light sen ors,éj\r/gner_e e:i\ch | i ght sensor senses the |ight that
‘Wil make CGIBRESEM ARLPECH PERIPT &l PHMmaRens L0y cammpTise one; OF e Piepss ok o e

enbodi mBNt Sptically reirdtie that@at thal SRSl FRBCH IRRRF Nistant Ohidch 6ioMmE Spectral
color, wll be clustered together to collectively proéuce one col ored pi xel

in the send¥ePlheidle optivebsepsongld. Jhepraynlsapy bedosessndgitheszge phy be st or ed
in menory %ﬁﬁ@%%%ﬁp@l&ﬁ&&ﬂlzc@.ﬂem@%%etduapr;ogb 6RAdi HERhS FENOrY 530 is

dedi cated to storing 1nmges, but in oOther diments nmenory 530 may sinply
be a porti Sitable fos the sampes’s fpiead injendedase (fos cxaimpls, foasefeftde infnityer * pur poses. | n

still othe I , o]+ % st orage
el enent unt5 ll H%}l%gk r c{e%\%%ﬂffer)fagie]é ﬁgiéalgeglgbz%seu & |rgéﬁ§$§/l%§t?ﬁ§g§§sed,
~el'i-mi nat0i ngrrayredlight sedsorsowharoeach lightsensocenseethe light thet will maksmpy n580. One or nore

~ processors;h4 . t ide. overall .control of ,the various
- conponent sthg? 'Q%Gﬁg%lc‘grﬁr%rﬁ%sgéys aﬁlg@%&?é’%@ﬁl@ﬁﬁg@u&@l@gﬁ{saﬁais,seaxfhr om at | east
sone of thsssngodifioentspestral dolat) i baglustod togethertie calls@ivell ploducabacOus pur poses,
- such as operiatd'cﬁrll)ge as, a vi(f;wfi nder to display the inmage that is being
 sensed, or“?g° b@%fss%e Iﬁjﬁ%ee that has already been stored. A radio 550
- may- be used t o Theinapashse@beopttal dn&s SPymayi b ol hefentbey330asa t hr ough

ant enna(s) . 552...0ne purpos be to trangmt the Sage, or information
der i vec?gf r@ﬁ‘n“ﬁqém‘?gﬁ'aﬁé? ?E}ne'?f?g@yeﬁt? MERHPrY Séﬁlﬁa‘?d“’ ngOé@gn& ages¥hinyse t hat

i nf or mat i OpthdremBEHmens nitRiosy 6 &.fayiimﬁl?wa PoRfidn@Pa larder @by M algONt rol s 570
may al so be |ncorporated, allow ngL he user to control” which functions are
bei ng used for other purposes. In still other embodiments, the optical sensor may serve as the

storage element until the received image has been sufficiently processed, eliminating the
need to store the received image in memory 530. One or more processors 540 may be

30  used to provide overali control of the various components of the camera system 500, and
to receive inputs from at least some of those components, A display 560 may be used for
various purposes, such as operating as a viewfinder to display the image that is being
sensed, or to display an image that has already been stored. A radio 550 may be used to

13




5 perfornmed by the canera system 500. For exanple, the user may determ ne
when to take a picture, what is to be shown on display 560, what
information to transmt to another device, etc. I n sone enbodi nents, a
novabl e auxiliary | ens 505 may be included, allowing the canera to focus on
an object that is very close to the canera (for exanple, less than 10 10
inches, but this is only an exanple). The auxiliary | ens nmay be noved in

and out of its close-focus.positjan i.n various s. For exanple, it m ght
slide in a &%‘@i*@ﬁ’“ﬁ‘gﬁs‘ééﬂﬁi" @Ym"tsé"f‘f%ga'B%‘P‘i‘@ﬁa%eé’“‘@f’“P@ﬁ €510 (as

i( ndi cat Ied ihm tmhmﬁdhﬁiniambr,inﬁ;]maﬁ&ﬁ}erﬁrdd fios ﬁm?lh@go@ﬁﬁdrmkehmt hbﬁi%fesh| ens 5|10
i.e., lig assi through the | ens 51Q SQ passes throu the auxiliary
| ens 505) 5&%%8@8“&%%8‘!*8&?‘3’6%9“‘1‘@3 prmafion. Xﬁﬂoqsgsebﬁﬁﬂﬂ'%f SPhat opti cal
path at 15 mbho beiddBiporatkd) aBWAHGIRS us@IDQMIroISMAIch fibkiond drdbsfnd €NS 505 may nove
in a directi%gt%grallel to theé(%ptical axis so that the inmage al ways passes

t hrough bot¥f Q&%W%?t% e exemRle. die e ravidetesaise phenie takg | | proper |y
f 0cuS 0D eci fcrkiAMaRS & t8knoNnich 5 560 WaA R Tl CATRER, SUuCh an

auxiliary lens is shown in front of lens 510, but in other enbodi nents
ni ght be bedf¥isei €icens 510. Rather than enabling a continuous m cro- to-macro

range of 20 1 octsofk stk SHiiille iy Mol Yos B B0 Ugligliar der and

nore conplicated | ens assenbly, the aux NS nay have y two
oper at i onal capergita foeys on angbjest that is vprysloss to the sirhemifingranipls, kwrisnd0t o t ake

cl ose-up, pi; -8 r %ﬂﬁ-' i . .a to take
pi ct ur ego of]ﬁ‘%]rllgslr” g@#@?%% mﬁ%} e@@'s.ﬂ? ar |l%ﬁgn€%%%%éﬂﬁ%@% I rlﬁ?t t he
“auxi i ary |clsefocus posiiongn piviges wayb. | or etambledt might skidedn a direatign i n only t hose two

positions, wWth. i.nt er i osition being. si.cal.ly unstabl e
“(i.e., the 'q%%\éhlc\?ﬁﬂyﬁo tﬁ;etos éc%%wfbgﬁﬁsozégPaf@dgﬁtgy%gletdﬁwéﬁb? I{J%él tions) and
consi der ed timopticabpattedfilenn 81 0. (i.&dightepessiig theoughthe keans 10also pdsseptroiiplythb i Mt t he
auxiliary lens to t two positions,.with a ring-loaded force
prevent i ng'aflﬂgar%[)?% %@%“%%“PPFWEY ﬁglesérf‘bB'F@E%fFog‘h? opicelPethati at e
pgsi tiom, toh@ﬂ@iﬁbs#hiaﬁothﬁeﬁbédjﬁn@ﬂ@mﬂi&@ﬂﬂig@% Iﬁwr’]lﬁd%g[madiﬁ@i_oﬁpirﬁﬂéﬁ! 1 be in 30
characteristics of the | ens.system may be such that no i mage wi ein
focus at tﬁ‘éthﬁ)ﬁqqc?,léfls%L@g’fe“W)%Sﬁ]“iaﬁé’aﬁwwgrb?thlkéﬁéwssaﬂﬁémgpﬂ ei ther the
first or sm&r@mﬁib@wnb@%esgmu@mmmaidifﬂal%ntwfs%geg%mmnual Iy sel ect
whi ch of the two positigns the auxiliary lens will be in. I n anot her

enbodi ment Capet-kh anpklisny bens i phayn ffEont ¢fders S, bt ivogher emborlianeas 510, auxi liary
l'ens 505 gy B%ﬂin@leﬁ@ﬁﬂ?‘ﬁa@aﬂﬁm&ﬁ%ﬂ%la*mﬁﬁﬁﬁ% %EC?OI_ \Shsrd Qfigebfki N9 Cl ose-up

pictures, w thout any iInteraction ens 5 n sonme cases, this

cl ose- U39 | 9648 dancesavich typicallyreaeires p exaeh laresrget more sasmpticdted| ¢y  pr ovi di ng a

separ at e CaEhy iaudl; = Sstil]. enbodi nent ,
auxiliary | enslﬁ%(st% aﬁ%%%?%%ﬁ?@@%&ﬂ%%&ﬁgmg@éﬁ% ‘L‘B‘g‘{‘!‘gﬁ’%ﬁ"i‘/ noved (as
shown by t Aldovingthewamers tetakei clobeuppicturc, sdafrehef positiviogilowngthesemsor 520 so t hat
it will fo r - 0N cl 1.0 .the.canmera. As before,
t he cl ose-ToC l?g) Echg ok%l?%gis@?tlggﬁésg p%%?‘%ﬁt%@qnﬁﬁ%@é& gtg% f‘%&ﬁwg‘ie}ls chani cal

st ops or obdigg phptigally statiie mmd stationary int culyt thae twoplesitidng wdth adineimyediaral | y stable in

ei ther of thgse,t.wo.positio 0 bu hysically unstablg in. |nternediate
poSi t i ozgs. pobHid bﬂ?ggphg%cabﬁgvgglgéfaﬁ’@ﬁeﬁp Vé&ﬁ?%t‘%’“@&?" 0(988’5133 Sé"(l?i?or ding to an
enbodi nent p@ftiohd) end consideied @h-opbrafidntl. FoLexbapleRieciamical sOfhandy Simsin, but ot her

types of bar.code may also he used. Fig. 7 ows a flow diagram of a method
of using a®EURE &1 IoSE 30 PSR, &é?“"&é%?‘i‘gﬁal’f?‘(’?“%ﬂﬂ EEHent of the

i nvent i on. ieddfeonf Bidg@iablo 8t i MeckrhdalatePosiARDbRS tHils B hetRunfpled. 6 and the flow
diagram 7 Olg)ur:hgr, t|1:1:3 glitica?l characteristics of the lens system may be such that no image will be in
30 focus at the optical sensor when the auxiliary lens is not in either the first or second
position. In some embodiments the user may manually select which of the two positions

the auxiliary lens will be in.
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Device 410 (which may conprise the conponents of canera system 500) may
first be placed at step 710 into the proper node for taking a picture of a
bar code. Going into this node nay have various effects on the device, such
as but not limted to: 1) placing the auxiliary lens into its operating
position for a close-up picture, or activating the 20 separate canera that
is used for close-up pictures, 2) activating the software that decodes the
bar code informatio and..3) actiyating.the functional]jt at aids in

f ocusi ng on thgﬁﬁﬁwﬁéﬁﬂﬁmPﬂébéﬁﬁ%ﬁm%@@ﬁﬁﬁﬁgﬁﬁgﬁﬁ1ﬁﬂ§fﬁbﬂ%éi he camera in
front of thexitiafy 985 maydind GbRk 2B torhpldtdly deparsteleay I @IAAL didiatp t he bar code

| abel is beia& sensed by the optical sensor. In sone enbodi nents, the user

may nake t HPSUER VUPOY FRYIHERetpL kit ens 7 19- A somataess.ithis elofe-up easinder . 25 In

ot her enbodiaRecwn opiil RABE @dﬁﬁﬁalgrfé)rdvlﬂﬂlffa%l:ﬂaﬂt@éaﬂkraifd? cloftapl Mage may be
automatical |y detected, At 730, 740, the canmera may be focused on the

bar code’| atbigfography. ol arafspembedimen, quriliary deay SQ5rmayiby emited, andtlenst ocus function
in the carremma%ge% gFoWth%%ﬁhe%ﬂng%%glét@%t %Rﬁn@@ﬁoﬁl Bgticganmera’ s

di stance fromt 2l until the"image s ocus, as Indicated at
740. |f necEEent2) so bpdivall faspspropery ommbcts deiprerd@e trethe dsmemeAs befored

iy cause 1TLARBRGOREHER pos R bUboRE Widiual fapgBGuP, PO OB APNY

i mpor t ant fmysiﬁmwg@ﬁmwmﬂad@wﬁmysjcawsi@@inbiﬂleua‘ﬂmsaatwnp@ti;mrect di st ance

fromthe, b i . Ml i shed in several different ways, such
.4 9 TRl e ST :

as but not canera's display is used as a

~viewfirnder, t heFigdeshowsarcamoy eadiiyn macode, acdoaiirg t@ancenfboditnknt ufhé | t he | mage

:__:di__s_pl ayed i.n the yiewfinder. appears to be in focys. An outof-focus inmage in
“ehel 2t aymoetil; i B o BRE Bsbovnh g Stbien ot B oflaB A8 be or % A
 sinpl e vi siuldde Fignbgewsaflovbdiaghmojfacictidd bf Wi b bendrd 10 fdad @barebiie, canera onto the
- surface containing the har cpde |abhel. n the bar, code is at the right

“di st ance, W@r‘{‘}\gﬁﬁe@l%“ﬁg?m?ﬂ“?%ﬁg\gﬁ%mﬁ crpdathapplies t4 Bty ne  enbodi nent
t wo nar rsowriee s titf flowi didgaine70D g, 7y be proj ected at convergi ng angl es.

When the reflected sg)otgi converge 10 into a single spot _at the center of
the |abel, the Rexifefll Gvhichmay qomprisedhpcompanenihaicamerpsysiem SPOaE f1ss cent er ed.

Al ternatel }Se% aﬂf&b?l@iﬁmﬂie%ﬁi:ﬂﬁﬂ@%rWg@ﬁieﬂfﬂ@f@ﬁﬁ%@depﬁbiﬁgfnﬂ)e bar code
| abel , and the camera is at the right distance then they conpletely

overl ap. | fhisipesie may havgngionneisets onthpdeyice sechas buraeidimied to: brplicingf ocus on t he

| abel surf i ifor! =Toy o | ge fromthe | abel.
In sone enbﬁgg?}ﬁ[eﬁ%l}{lg%{mga ﬁ%tfﬁ;ra Siffor 6 4 Jmf-ﬁlg%&gﬁ%, orgét%tﬁ:g%%

- défgr hic optical 15 el enent ly be used to
‘det er mi e - paparato campyey thetdynsedAonhilose-umpietures, 2) actigytingtheneftvaed thatdecpdes t her audi bl e

 _or ul traso er at riﬁ . . r By neasuri ng
how | ong i#@:&arlges 1—élglrﬁe ecﬁgﬁi"é@%}ﬁﬁ mcbé@ﬂ@g&ga@é&s?ggogﬁ%\%ggbhf t he canera,
t he di st anba® cedp imdge. ART20cthekeer naay placecthecamerade frent of thelwhr cddebal diess of t he
focusing t I n ar. code | e is in focus, in 20 sone
enbodi nent gﬁgﬁ 'S%P%%[%?hgﬁt\ﬁggaﬁc%%ﬁ? &@W@é@s@#@pﬁ@lﬁm?ﬁ%sﬁﬁ’e di stance is
- correct (eembodinentsahediséy|neny l@laqthis detériniplationcbadeEDy tha invigs ndhe vigwdingat i on on t he

di spl Wy € Cdtl}er embodiments, the presence of the full label in the image may be automatically

detected.

At 730, 740, the camera may be focused on the bar code label. In some
embodiments this may involve an auto-focus function in the camera. In other
embodiments the user may change the camera’s distance from the label until the image is

30  in focus, as indicated at 740. If necessary, operations 720, 730, and 740 may be performed
interactively and concurrently. Because the nature of close-up photography may cause the
camera to have a fairly narrow depth of field, it may be important for the user to
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Once the canera is at the correct distance, and the bar code is within the
canera's field of view, the user may take the picture at 750 and store that
i mage in nenory for further processing. |If necessary, the bar code may be

illumnated by light fromthe camera 25 for this picture. This illumnation
may conme fromthe built-in flash unit, or from another |ight source on the
camera. In some instances, this source of illumnation may also be used

when deter he .camera. In sone

embodi nent s %@gﬁeﬁaaﬁgr%ﬁ;@g&efgdﬁ%%e @8{”’5?0‘% @é{?m e bei ng displ ayed
on a video mmshedaismmﬂﬁmentmps:smhesbubmlnmﬂeo Thi s may present

di fferent 30i|hj)§1nat|on,&8tg i.der ations, ce the dIS%

sel f-illumnate 4 & He |r IR CEHRYVE e l'*’nat ion from

t he camera. baéltaﬁldforﬂlhﬁtllslimmhéb|d}spraﬁ‘d|uem&h§’\$ﬁlﬁ6ﬂaﬁﬁﬂrs‘ﬂfbetuhﬁcﬁ' aRbay may change
t he focusi nccpl nmechani sr&g e feale) After the picture is
taken and sESMURmAgHE 1‘1819 8 oWy Tacpdmegsat the otiFal enseft 760 to decode

the bar code's s_r)ahuﬁzp(eaasq;lamfamaﬁsébﬂ@&%ﬁ%tﬁeﬁﬂmﬁhe%ﬁ&%ﬂoih@t0 the bar
code), and I S vaI ye stored rn nmenory at 770. The conplexity of decoding

t he bar népdnong 1be b3Rcode ebely Jyle %?Odéééeth%’eEhﬁQS%Bdhe For exanpl e,
with a S' Wls%!&ﬁfagﬁﬁé}'sf) HAHTRE. #@Exaélpféqg%ne énIboﬁfBE’ntlaﬁo g@(’l; Bfas examning a

single raster scan line to neasure the wd I n plxe each bar code
line and rreva%hhlehtwhsmeawéecpwewngemwbwm@weam@mwnwgecode li nes.

These T & Al ikl 48t [l YentdP BDRLE AYEBRELH of i nl fiGarBORARRA Sequence of

nunbers. If the provi des d calibration 0 conpensate for
di fferent porgsdoprieredidgmaly, theaopmomplodisagtsiey hpprajeesnt ondi t¢ anc e

fompr esel hoR MRt dnbi kA B iLITAE ARG AR BRI 0D, RpRRIDEDS 2 o

for, and the uself nay no ave worr Ent ati on
bet ween themb@dmnaaarmtcbdinnagmﬁmbbaiibctusmthalabéleurfwa:anllyﬁ:enmetcm:n But if

_orientation ortant ., .t cusi n ncl ude a .vi sual indication
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to, the bar, code synpol othB%Once a bar code has been read and decoded,

vari ous opgﬁeﬁ‘f@%@e 13045 bar godgdapel can be determined.

Regardless of the focusing technique used, when the bar code image is in focus, in

- .20 . some embodiments an indication can be presented to the user that the distance is correct
(e.g., an audible beep, a lighted LED, a visual indication on the display, etc.)

Once the camera is at the correct distance, and the bar code is within the camera’s
field of view, the user may take the picture at 750 and store that image in memory for
further processing. If necessary, the bar code may be illuminated by light from the camera

25  for this picture. This illumination may come from the built-in flash wnit, or from another
light source on the camera. In some instances, this source of illumination may also be
used when determining the correct focus distance for the camera.

In some embodiments, the camera may record the image of a bar code being
displayed on a video screen rather than a printed bar code. This may present different

30  illumination considerations, since the display is self-flluminated and therefore may not
require further illumination from the camera. Also, the smoothly reflective screen of the

display may change the focusing mechanisms that are feasible,
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In one operation, the stored code may be sinply retained (possibly with
ot her stored 20 codes) until a future tine and circunstance requires that
i nformati on. In another operation, further information nay be sought on the
object identified by its bar code. For exanple, the canera device may
transmt the decoded bar code information to another device at 780, which
can obtain information such as but not limted to: 1) a description of the
obj ect associ at i th the bar code the price . of. the ohj , 3) how
oy of “the 25 SUpUS el § ki eraRT BoredmRs TRy 18 AR B0 s ar o
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enbodi nent a s ¥ishEAr godghaheenreadiaphdecesed, yariys ?I@Fa“‘[’lﬁill@)’éwﬂﬁf@%ﬁ- Regar dl ess
of 15 how megﬁmtﬁﬂ(ﬁ%sm%desmaﬁggnﬁiﬂ&% '%Q(po%sg@emmstgﬁw ce can verify

the validity of the code through Its own data
S 20 . - codes) until a future time and circumstance requires that information. In another

operation, further information may be sought on the object identified by its bar code. For
example, the camera device may fransmit the decoded bar code information to another
device at 780, which can obtain information such as but not limited to; 1) a description of
‘the object associated with the bar code, 2) the price of the object, 3) how many of the
25  objects arc available, 4) where other such objects are located, 4) manufacturing
information, 5) size and/or weight of the object, 6) expiration date of the object, 7) etc.
In some operations this information may be transmitted back to the camera device at 790
for storage and/or presentation to the user.
' Other uses may be found for bar codes that can be implemented with the help of
30 the device 410 described in this document. Fig. 8 shows a flow diagram of a2 method of
using bar code values, according to an embodiment of the invention. For example, in flow
diagram 800 various bar code values may be entered into device 410 at 810, and stored at

820 for presentation or comparison at another time. In various embodiments, these may
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The user may al so use the device to read other bar codes at 840, and
conpare themwi th the stored bar code at 850. For exanple, the vendors
described in the previous paragraph nay operate in this nmanner. A user nay
store the bar code for an item he/she is 20 | ooking for, and read the bar
code off a box on the shelf to verify it contains the sought-after
purchase. Various other real-world applications may be found for using bar

codes int ' ' ' cument it hout, requiring the user to
pur chase sggecr}é%?('?%@%ﬁ@{)dﬁe?eéé %P%ﬁat@dﬁa%aﬁ'ﬁﬂ%mn%ﬁﬁ@%? egoing

descri pt i onkeyboardtr ethetenthntab ety devidel iy tetentered Bynekinga pibtimdof thegaircodgr i at i ons 25
w ll occur to those.of S?Ii‘gllﬁ.}ﬁ n the art. Those vari t%t l,ons are intended to

be i ncl uded® Y PRI i R Sigpal cabje copnacted 1 thedevice- ~\wni ch are i mited
only by the scoAe8ifa taheodt ediedin@is SapmBFbe préstodddi latedtimeor @ARRT at us for

[ de in , i Si_ng: tical to sense an
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coupled to the optical sensor to store the image as val ues for the
rect angul ar3sﬂ%e|baa’f°@ﬁmﬁé’ir%‘fsiﬁm‘h‘ﬁﬂlthat was puschased enlige, but ig 9 bp pikpdmpatt he st or age

el ement to Apal Q{&@bﬁtii@;fnﬁéhﬁie?,dt) BEBER bhitollERRIR phltdd By meRdEm 2. The
apparatus of claim™l, further conprising a display to display the image of
t he bar cod@rious ways, such as but not limited to: 1) the bar code may be wirelessly transmitted

10 from the user’s device to the vendor’s device, which can verify the validity of the code
.- through its own database; 2) a picture of the bar code may be displayed on the user’s
- device, and the vendor’s device {which might be similar to the user’s device) can read and -
decode that picture of a bar code. The display might be the device’s primaty display, but
in another embodiment a secondary display might be used for this purpose. Regardless of
15 how the bar code data is communicated, the vendor device can verify the validity of the
code through its own database.

The user may also use the device to read other bar codes at 840, and compare them
with the stored bar code at 850. For example, the vendors described in the previous
paragraph may operate in this manner. A user may store the bar code for an item he/she is

20 - looking for, and read the bar code off a box on the shelf to verify it contains the sought-
after purchase. Various other real-world applications may be found for using bar codes in
the ways described in this document, without requiring the user to purchase specialized
commercial bar code equipment.

The foregoing description is intended to be illustrative and not limiting. Variations

25 will occur to those of skill in the art. Those variations are intended to be included in the
various embodiments of the invention, which are limited only by the scope of the

following claims.
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3. The apparatus of claim2, wherein the processor is to display the bar
code on the display. 4. The apparatus of claim1, further conprising a
radi o coupled to the processor to wirelessly communi cate a nessage
representing the decoded bar code to another device. 5. The apparatus of
claim1, further conprising at |east one |light projector to project at

| east oneClLlES:on a surface containing the bar code to aid in placing the
apparatus at a particular distance fromthe bar code to focus the inage on
the optical sensor. 6. A nethod of recording a bar code, conprising:

taki ng a pi ct uAe apparithefodprocesihg abat tode @age: témpridags: pi ct ure bei ng ret ai ned
as a stored i nage represent%ﬂg a.rect qylar array of pixels;_ and analyzing

the stored i naffEoRtGalfensoyte a5 Amage efet bar godeaga r gyt pixals  furt her

conpri sing pr oy jedls Siphedlte tHeTiphehl Séidod¥b ifSus HR ihkd HOtHeRBHd Gdndse tO enable a
user to place the canera at a correct focus distance fromthe bar code. 8.

The met hod of &ftagags slemgpicpupled todheiontical seasonip Horedhe image anyaluesdonthé ses 19

proj ect i ngc@headifanhy 8PGxUL;ShE! €11 ght image onto a surface containing the
bar code. ’
a processor coupled to the storage element to analyze the stored image to decode

the bar code.

2. The apparatus of claim 1, further comprising a display to display the image of the

bar code.

3. The apparatus of claim 2, wherein the processor is to display the bar code on the

display.

4, The apparatus of claim 1, further comprising a radio coupled to the processor to

wirelessly communicate a message representing the decoded bar code to another device.

5. The apparatus of claim 1, further comprising at least one light projector to project
at least one image on a surface containing the bar code to aid in placing the apparatus at a

particular distance from the bar code to focus the image on the optical sensor.

6. A method of recording a bar code, comprising:
taking a picture of the bar code with a camera, the picture being retained as a
stored image representing a rectangular array of pixels; and

analyzing the stored image to decode the bar code.

7. The method of claim 6, further comprising providing a focusing aid prior to
taking the picture to enable a user to place the camera at a correct focus distance from the

bar code.

8. The method of claim 7, wherein said providing a focusing aid comprises
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9. The nethod of claim7, wherein said providing a focusing aid conprises
using reflected sound waves to determ ne a di stance between the canera and
a surface containing the bar code. 10. The nethod of claim6, further
conprising wrelessly transmtting informati on about the bar code to

anot her device. 11. The nethod of claim 10, further conprising receiving

i nf or mat | piejectingntil¢ast enelvisibledightomaghonte aaurfat)bjcemmmngehﬂ baricede. wi t h t he bar
code. 12. An article conprising a conput er-readabl e storage medi um
that contains instructions, which when executed by one or nbre processors
resul t in9.per f Gharinethod pf chiith 3 svheminp sdid ipreyiding a focusing didikd)rﬂg'lsﬁs péiggure of a

bar code vmt canera, the picture eln retained as a sto |

repr esent FHE ‘é‘iitsg't‘{a:WGmsaPo &Etfﬁgimﬁfagf & belyyrn ﬁl?ﬁlief?ga’t‘#] §"l‘%1%gd i mge
t o decodecdnbfinibthebatidde. 13. The article of claim12, wherein the
operations further conprise the operation of providing a focusing aid prior
to taking the picture to enable a user to place the canera at a correct

focus di Stcﬁncerﬁerﬁeahw%ffeﬁm@%er%mpmﬁ it GH§ thnshltdh Mbgrein the

operation_of tErow ding a focusing aid corrprl ses pI‘Oj ecting at | east one
vi si bl e- 13bgnt ‘Phﬁg@dﬁbﬁﬁtam@ersdﬂvﬂace contai ning the bar code. 15. The
article of claim 13, wherein the operation of providing a focusing aid
conprises using reflected sound waves to determ ne a di stance between the
canera and. a sﬁwfmﬂbocbmﬁuiammmn@lrtﬂeemmﬁsmgdeceiviﬂﬁinfaihmtian tfrionl the ofhec| ai m 12,

wherei n the. oper ns_furt.he rise the operation of wirelessly
t r ansni tt#ﬁﬁegﬁqugmjf%ﬁm ﬁiwﬁﬁg})t?gfcoé%de to anot her devi ce.

12. An article comprising

s

a computer-readable storage medium that contains instructions, which when
executed by one or more processors result in performing operations comprising;
taking a picture of a bar code with a camera, the picture being retained as a
stored image representing a rectangular array of pixels; and

analyzing the stored image to decode the bar code.

13. The article of claim 12, wherein the operations further comprise the operation of
providing a focusing aid prior to taking the picture to enable a user to place the camera at

a correct focus distance from the bar code.

14. The article of claim 13, wherein the operation of providing a focusing aid
comprises projecting at least one visible-light image onto a surface containing the bar

code.

15. The article of claim 13, wherein the operation of providing a focusing aid
comprises using reflected sound waves to determine a distance between the camera and a

surface containing the bar code.

i6. The article of claim 12, wherein the operations further comprise the operation of
wirelessly transmitting information about the bar code to another device.
20




20 17.The article of claim 16, wherein the operations further conprise the
operation of receiving information fromthe other device about an object
identified with the bar code.

17. The article of claim 16, wherein the operations further comprise the operation of

receiving information from the other device about an object identified with the bar code.
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